Abstract. Irritable bowel syndrome (IBS) is a common chronic gastrointestinal disorder, which considerably reduces the quality of life of patients and represents an economic burden to society. In previous studies, the density of serotonin-expressing cells in the rectum of IBS patients did not differ from that of control subjects. The present study was undertaken to investigate the immunoreactivity intensity of serotonin and serotonin-selective reuptake transporter (SERT) in the rectum of IBS patients. A cohort of 50 patients with IBS (41 females and 9 males) were included in the study. Thirty patients had diarrhoea (IBS-D) and 20 had constipation (IBS-C) as the predominant symptom. Twenty-seven subjects were included as controls (19 females and 8 males). Rectal biopsy specimens were immunostained using the avidin-biotin complex method for serotonin and SERT. The immunoreactivity intensity was quantified by computerised image analysis using Olympus cell Sens imaging software. There was no statistical difference of serotonin immunoreactivity intensity in multiple comparisons between controls, IBS-total, IBS-D and IBS-C. Dunn's post test did not reveal any statistical differences among the four groups. There was a significant statistical difference in multiple comparisons between controls, IBS-total, IBS-D and IBS-C regarding the SERT immunoreactivity intensity. SERT immunoreactivity intensity of IBS-total, IBS-D and IBS-C differed significantly from that of controls. It was concluded that the reduced rectal SERT in the IBS patients could be one of the factors contributing to the development of both diarrhoea and constipation in these patients, and that the increasing body of evidence of a genetic abnormality involving SERT underlines the importance of the role of SERT in the pathophysiology of IBS.
Introduction
Irritable bowel syndrome (IBS) is a chronic gastrointestinal disorder with a prevalence of 5-20% and an incidence of ~200 per 100,000 of the adult population (1) (2) (3) (4) (5) (6) (7) (8) (9) . It affects mostly individuals <50 years of age with a female predominance (2, (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . The diagnosis of IBS is based on assessment of symptoms as described in Rome III criteria. These criteria include recurrent abdominal pain/discomfort for at least 3 days per month during the previous 3 months associated with at least two of the following symptoms: improvement with defecation, onset associated with a change in the frequency of stools and/or a change in the form and appearance of stools (22, 23) . In addition to these criteria, warning symptoms such as age >50 years, short history of symptoms, nocturnal symptoms, weight loss, rectal bleeding, anaemia, and the presence of markers for inflammation or infections should be excluded (22, 23) . Based on the stool pattern, patients with IBS are subdivided into four subtypes, namely diarrhoea-predominant (IBS-D), constipation-predominant, mixed diarrhoea and constipation (M-IBS) and unclassified IBS (U-IBS) (22, 23) .
IBS is not known to be associated with the development of serious disease or with increased mortality (24) (25) (26) (27) . However, it considerably reduces the quality of life in IBS patients and is an economic burden to society caused by overconsumption of healthcare resources such as diagnostic tests, medications and frequent hospitalisation as well as lower work productivity (9, 13, 20, (28) (29) (30) .
Abnormal endocrine cells have been reported in the stomach, duodenum, ileum, colon and rectum of patients with IBS (unpublished data, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . In a previous study (unpublished data), there was no difference in the rectal serotonin cell density between IBS patients (both IBS-D and IBS-C) and healthy subjects. It remains to be determined, however, whether the serotonin cell content in these patients and serotonin-selective reuptake transporter (SERT) are affected. The present study was therefore undertaken to investigate the intensity of immunoreactivity of serotonin and serotonin transporter in the same cohort of IBS patients studied earlier (unpublished data).
Materials and methods

Patients and controls.
A cohort of 50 patients with IBS that fulfilled Rome III criteria (22) were included in the study. The patients comprised 41 females and 9 males with a mean age of 37 years (range, 18-64 years). Thirty patients had IBS-D and twenty had IBS-C. All of the patients had experienced their symptoms for many years and they could not associate the onset of IBS symptoms with any events, in particular gastrointestinal infection. All of the patients were submitted to a complete physical examination and were investigated by means of blood (full blood count, electrolytes, calcium and inflammatory markers), liver, and thyroid function tests. The patients also underwent a gastroscopy with biopsy samples from the duodenum and celiac disease was excluded.
Twenty-seven additional subjects that underwent colonoscopy with rectal biopsies were used as controls. The colonoscopy was performed in 20 of these subjects because of gastrointestinal bleeding, where the source of bleeding was identified as haemorrhoids (n=18) or angiodysplasia (n=2) and in 7 due to health concerns caused by a relative(s) being diagnosed with colon carcinoma. These subjects were 19 females and 8 males with a mean age of 49 years (range, 18-68 years). All of these subjects were healthy and had no gastrointestinal complaints other than those stated above. The study was performed in accordance with the Declaration of Helsinki and was approved by the local Committee for Medical Research Ethics. All subjects gave both oral and written consents for participating in the study.
Colonoscopy, histopathology and immunohistochemistry.
Colonoscopy was performed on both patients and controls, and biopsy samples were taken from the ileum and different segments of the colon. Four biopsy samples were also taken from the dorsal wall of the rectum ~15 cm from the anus. These biopsy samples were fixed overnight in 4% buffered paraformaldehyde, embedded in paraffin, and cut into 5-µm sections. The sections were stained with haematoxylin and eosin, and immunostained by the avidin-biotin complex (ABC) method using the Vectastain ABC kit (Vector Laboratories, Inc., Burlingame, CA, USA). The sections were hydrated and immersed in 0.01% hydrogen peroxide in PBS buffer (pH 7.4) for 10 min to inhibit endogenous peroxidase. After washing in buffer, the sections were treated with 1% bovine serum albumin for 30 min to block the non-specific binding sites, and then incubated with the primary antiserum/antibody at room temperature for 1 h. The sections were then washed in PBS buffer and incubated with biotinylated swine anti-mouse IgG diluted 1:100 for 30 min at room temperature. After washing the slides in PBS buffer, the sections were incubated for 30 min with avidin-biotin-peroxidase complex diluted 1:100, and then immersed in 3,3'-diaminobenzidine (DAB) peroxidase substrate (Vector Laboratories, Inc.), followed by counterstaining in haematoxylin. The primary antibodies used were monoclonal mouse anti-serotonin (code no. 5HT-209; Dako, Carpinteria, CA, USA) and mouse anti-human serotonin transporter (Abcam, code no. ab1125; Abcam, Cambridge, MA, USA). The antibodies were used at dilutions of 1:1,500 and 1:500, respectively.
Computerised image analysis. The immunoreactivity (colour) intensities of serotonin and SERT were measured using Olympus cell Sens imaging software (version 1.7) on a computer linked to an Olympus microscope type BX43 with an Olympus camera (DP 26). A x20 objective was used, for which each frame (field) shown on the monitor represented an area of 0.14 mm 2 of the tissue in each field. In each individual, serotonin and SERT were measured in five randomly chosen fields. Immunostained sections from IBS patients and controls were coded and mixed, and all measurements were made by the same person (M.E.) without knowledge of the identity of the sections.
Statistical analysis. Differences between the controls, all IBS patients (IBS-total)
, and IBS-D and IBS-C patients were tested by the Kruskal-Wallis non-parametric test with Dunn's test as post-test. The data were presented as mean ± standard error values. Differences with P<0.05 were considered to be statistically significant.
Results
Endoscopy and histopathology. The ileum, colon and rectum of both the patients and the control subjects were macroscopically normal. The results of the histopathological examinations of the ileum, colon and rectum were normal in both the patients and the controls.
Immunohistochemistry and computerized image analysis. In both patients and control subjects, serotonin-immunoreactive cells were identified mostly in the upper part of the crypts of Lieberkühn. These cells were basket-or flask-shaped. SERT immunoreactivity was observed in all the lining epithelium of rectum in both patients and control subjects.
Serotonin immunoreactive intensity.
The immunoreactivity intensity of serotonin in controls was 115.8±1.1. The corresponding numbers for IBS-total, IBS-D and IBS-C were 116.5±1.1, 118.0±1.2 and 114.3±2.0, respectively. There was no statistical difference in the multiple comparisons between controls, IBS-total, IBS-D and IBS-C (P= 0.13). Dunn's post test did not reveal any statistical differences among the four groups (P>0.05 for all) (Figs. 1 and 2) . SERT immunoreactivity intensity. The immunoreactivity intensity of SERT in controls was 129.8±0.9 and in IBS-total, IBS-D and IBS-C 120.1±1.9, 119.6±1.4 and 119.3±2.2, respectively (Figs. 3 and 4) . There was a significant statistical difference in the multiple comparisons between controls, IBS-total, IBS-D and IBS-C (P<0.0001). A significant difference was observed between the SERT immunoreactivity intensity of IBS-total, IBS-D and IBS-C and the controls (<0.01, <0.001 and <0.001, respectively) (Figs. 3 and 4) .
Discussion
Measurements of the immunoreactivity intensity of immunohistochemical staining as a function of the cellular content of certain substances has been attempted since computer image analysis started (44) . The recent advances made in the computer software used in computer image analysis made it possible to obtain reliably measurements of the intensity of immunoreactivity reflecting the content of the cells of the immunostained substance. Intensity of immunoreactivity is expressed in arbitrary units and is useful only in comparisons between groups immunostained under the same conditions.
The present study showed that SERT immunoreactivity intensity decreased in the rectal epithelial cells of both IBS-D and IBS-C patients, indicating a reduction in SERT in these patients. This finding is in agreement with the previous observation (45) that SERT is decreased, as detected by both SERT messenger RNA and immunoreactivity intensity. However, the finding that rectal serotonin immunoreactivity intensity in IBS patients did not differ from that of the control, is not in agreement with earlier findings that serotonin content is decreased in the rectum of IBS patients (45) . This discrepancy may be attributed to the difference in the methods used or to a difference in the patient cohort studied.
The main source of serotonin in the human body is the enterochromaffin cells in the gut mucosa (46) (47) (48) . Serotonin is released by luminal acidification and pressure and acts on sensory and motor neurons in the submucosal and myenteric ganglia as well as in the spinal cord (46) . This in turn stimulates motor, secretory and vasodilatory reflexes as well as afferent signals to the central nervous system (46) . After exerting its effects at receptors, serotonin is transported by SERT into gut epithelial cells where it is degraded (46, 49) . The gut mucosa has a high capacity for producing SERT as all the epithelial cells lining the luminal surface of the gut express SERT (45, 49) . Reduction in SERT results in impaired intracellular uptake and degradation in the gut epithelial cells and consequently increases the availability of serotonin within the gut mucosa (50, 51) . The previously published observations (45) and the present finding of reduced rectal SERT in the IBS patients could be one of the factors contributing to the develop ment of both diarrhoea and constipation in these patients. In support of this assumption is that the use of selective serotonin reuptake inhibitors or exposure to desensitizing concentrations of exogenous serotonin can lead to either diarrhoea or constipation (46, 52) . Moreover, transgenic mice lacking SERT exhibit alternating bowel habits between diarrhoea and constipation (53) .
An increasing body of evidence suggests that a genetic abnormality concerning SERT occurs in IBS patients (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) . The present study reported an abnormal expression of SERT in these patients and underlined the importance of SERT in the pathophysiology of IBS.
